The oral administration of Crotalaria spectabilis seeds to young rats induces pulmonary hypertension in them associated with right ventricular hypertrophy and an increase in the medial thickness of the pulmonary trunk and muscular pulmonary arteries. This appears to be the first direct demonstration that the oral administration of an agent may bring about pulmonary hypertension.
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Young rats fed on a diet which contains Crotalaria spectabilis seeds or the pyrrolizidine alkaloid monocrotaline die from congestive heart failure within 36 to 60 days. At necropsy they are found to have ascites, pleural effusions, and cardiac enlargement due to right ventricular hypertrophy (Turner and Lalich, 1965; Kay and Heath, 1966) . Microscopic examination reveals an increase in the medial thickness of the pulmonary trunk (Heath and Kay, 1967) and small pulmonary arteries (Turner and Lalich, 1965 ; Kay and Heath, 1966) , and in about one-third of the animals an acute necrotizing pulmonary arteritis (Lalich and Merkow, 1961; Kay and Heath, 1966) . Since similar changes in the heart weight and pulmonary vasculature in man are well known to be associated with severe pulmonary hypertension (Wagenvoort, Heath, and Edwards, 1964) we thought it likely that the pulmonary vascular lesions produced in rats by Crotalaria spectabilis seeds are also associated with an elevation of the pulmonary artery pressure. It has never been shown that the oral administration of any agent can produce pulmonary hypertension, so we considered that its direct demonstration in rats fed with such seeds would be of considerable significance. Accordingly we measured right atrial and ventricular pressures in a group of rats maintained on a diet containing Cratalaria spectabilis seeds and compared these with values obtained from a group of control rats. In addition, we investigated the relation between right ventricular systolic pressure on the one hand, and the medial thickness of the small pulmonary arteries and the pulmonary trunk and the right ven-tricular weight on the other.
METHODS
Thirteen female weanling Wistar alibino rats (initial weight 65 to 79 g.) were individually marked and divided into two groups comprising five test animals and eight controls. They were weighed at the outset of the experiment and three times weekly until its conclusion. The test animals received a diet of powdered Thomson rat cubes to which had been added finely ground Crotalaria spectabilis seeds to give a concentration of 0-1%. Control animals were given unadulterated powdered rat cubes. All animals had free access to food and water.
The intracardiac pressures were determined by introducing a fine metal cannula connected to a capacitance manometer into the right jugular vein under light ether anaesthesia and advancing it along the superior vena cava into the right atrium and then into the right ventricle. It proved impossible to measure the pulmonary artery pressure directly, but for the purposes of this experiment the right ventricular systolic pressure was regarded as being equivalent to the pulmonary artery systolic pressure, there being no evidence of pulmonary valve disease. The mean right atrial pressure was calculated from planimetry of the pressure recordings through at least two respiratory cycles. The right ventricular systolic pressure was calculated from the mean height of the systolic peaks of the pressure recording over at least two respiratory cycles.
After pressure readings had been taken the rats were killed and necropsy was performed immediately. The thoracic viscera were removed en bloc and the lungs were distended through the trachea with 4% formaldehyde in normal saline until their pleural surfaces were smooth. The thoracic contents were then immersed in the same solution until fixation was complete. The pulmonary trunk and ascending aorta were dissected free from the heart and embedded in paraffin wax. 176
Transverse sections of both vessels were cut at 5 u thickness and stained by the Lawson modification of the Weigert-Sheridan method for elastic fibres counterstained with Van Gieson's stain for collagen and muscle. In each case the medial thickness of the vessel was measured as the distance in , between the internal and external elastic laminae. Ten measurements of the medial thickness were made on each vessel and from these one mean medial thickness was calculated. The mean medial thickness of the pulmonary trunk was expressed as a ratio of the mean medial thickness of the aorta.
The heart was opened and blood and excess fixative were removed. The free wall of the right ventricle was dissected from the remainder of the heart and weighed. The right ventricular weight was expressed as a ratio of the total body weight of the rat and, to avoid tedious repetition of decimal places, this ratio was multiplied by a factor of 10'.
One block of tissue was taken from the left lung and the superior, middle, inferior, and median lobes of the right lung and embedded in paraffin wax. Sections were cut at 5 /A thickness and stained with Ehrlich's haematoxylin and aqueous eosin and by the elastic-Van Gieson stain as described above. Measurements of the external diameter and average thickness of the media of the pulmonary arteries were made in all the test and control animals. Only vessels that were virtually circular in transverse section were measured. The diameter was taken as the mean of two measurements, at right angles to each other, of the distance between diametrically opposite points on the external elastic lamina. The medial thickness was estimated as the mean of four measurements taken at approximately equally spaced points around the vessel wall. From these data the thickness of the media was expressed as a percentage of the external diameter of the vessel. A value for the average percentage medial thickness in each animal was obtained by totalling all the mean percentage medial thicknesses and dividing the sum by the number of vessels examined.
RESULTS
Intracardiac pressure measurements (Table) were made on the control rats between the thirty-seventh and forty-fourth days of the experiment. The mean right atrial pressure was obtained in seven of these animals and the range was -1 to 4 mm. Hg. The right ventricular systolic pressure was measured in the eight control rats and found to lie between 22 and 36 mm. Hg. The mean right atrial pressure was measured in four of the test rats after they had been on the diet containing Crotalaria spectabilis seeds for 37 The ratio of the weight of the right ventricle to the total body weight multiplied by a factor of 104 in the control rats lay between 3-5 and 5 2. In the test rats this ratio ranged between 6-6 and 20-8 (Fig. 1) . In the control rats the ratio of the medial thickness of the pulmonary trunk to the medial thickness of the aorta ranged between 0-29 and 0-36. In the test rats this ratio ranged between 0O90 and 110 (Fig. 2) .
The average medial thickness of the muscular pulmonary arteries in the con' between 4% and 6% of their e) The average medial thickness of the test rats was between 8 % at external diameter (Fig. 3) . Crotalaria spectabilis seeds may be due to the monocrotaline being metabolically converted into a toxic substance in the liver. A similar mechanism * has been suggested by Barnes, Magee, and Schoental (1964) to explain the selective toxic action of the related pyrrolizidine alkaloid fulvine on the cells of the liver and lung. It has been shown that there is an increase in the number * of mast cells in the lungs of rats to which monocrotaline has been administered (Takeoka, * Angevine, and Lalich, 1962) . The mast cells of rats contain 5-hydroxytryptamine, and Turner and Lalich (1965) have suggested that this substance may play some part in the genesis of the pulmonary vascular lesions produced by monocrotaline.
An electron microscopic study of the pulmonary arteries of rats poisoned with monocrotaline adControl 0 ministered by both the oral and intraperitoneal Test 0 routes has been reported by Merkow and Kleinerman (1966 
